Substituted-1,2,4-triazines were conveniently prepared in one pot by the condensation of amides and 1,2-diketones in presence of base, followed by cyclisation with hydrazine hydrate.
Introduction
1,2,4-Triazines and their derivatives have been widely studied in terms of their synthetic methodologies and reactivity since some of these derivatives were reported to have promising biological activities. 1 The synthesis of 1,2,4-triazines and their derivatives are well documented 2 and their methods of preparation are manifold and varied. A survey of the literature revealed that 1, 2-dicarbonyl compounds (aliphatic, aromatic and aromatic-aliphatic) are the most common reagents used for the synthesis of 1,2,4-triazines and their derivatives. 3 Laakso and coworkers, 4 as well as other groups, 5 reported the condensation of acylhydrazides with benzil in acetic acid containing ammonium acetate to give 5,6-diphenyl-1,2,4-triazines with various aromatic and heterocyclic groups attached at position 3. A similar method was also applied by Metze and his group 6 and also Hasselquist 7 using a variety of aliphatic and aromatic 1,2-diketones and aliphatic, aromatic, and heterocyclic acid hydrazides but with preliminary isolation of the 1,2-diketones monoacylhydrazones followed by ring closure with alcoholic ammonia under pressure to give substituted 1,2,4-triazines. Kumar and his group 8 reported the synthesis of 5,6-bisaryl-1,2,4- triazines which were also shown to have potent anticonvulsant activity.
Results and Discussion
hydrate. 9 Based on the same principle, we describe here the synthesis of 1,2,4-triazines starting from amides and 1,2-dicarbonyl compounds and hydrazine hydrate in the presence of base. The novelty of the procedure lies in the fact that the whole reaction sequence is carried out by the stepwise addition of the reagents at the completion of each step without isolating the intermediates as they are formed. Thus, the one pot synthesis of the title compound was achieved via the N-(2-oxo-1,2-disubstituted-ethylidene)-amide intermediate, which was generated in situ by the condensation of amides with 1, 2-dicarbonyl compounds in presence of base. As reported earlier with unsymmetrical diketones,10 a mixture of two possible isomers11 is obtained. However there is predominance of one over the other. This is due to the difference in reactivity of the two carbonyl groups where the more electrophilic carbonyl is reacted first. With 1-phenyl-1, 2-propanedione, a mixture of regioisomeric triazines is obtained.12 Lee and coworkers13 have shown similar reactions where both 6,6'-and 6,5'-bis-1,2,4-triazinyls were obtained as major and minor products respectively.
In general, amides like formamide, acetamide and benzamide when condensed with aromatic 1,2-diketones formed a jelly mass, which is the condensed product. The condensed product can be cyclised to stable 1,2,4-substituted triazines by treatment with hydrazine hydrate. In all these cases solid products are obtained. The reaction was also carried out under microwave irradiation without using solvent. The results of the conventional process and the microwave irradiation process were compared which revealed that the latter process gave a comparatively higher yield in a shorter reaction time (Table 1) . 
Experimental Section
General Procedures. Melting points were determined in open capillary tubes with a ThomasHoover apparatus and are uncorrected. Infrared spectra were recorded on a BOMEM DA-8 FT-IR instrument and the frequencies are expressed in cm -1 . NMR spectra (90 MHz) were recorded on a Varian EM-390 spectrometer and high-resolution 1 H and 13 C NMR (300 MHz) spectra were recorded on a Bruker ACF-300 spectrometer using CDCl 3 as the solvent. Chemical shifts are reported in ppm downfield from internal tetramethylsilane and are given on the scale. Mass spectral data were obtained with a JEOL D-300 (EI) mass spectrometer. Elemental analyses were carried out on a Heraeus CHN-O-Rapid analyzer. All compounds give satisfactory elemental analyses within + 0.5 % of the theoretical values. All reactions were monitored by TLC using glass plates coated with silica gel (ACME) containing 13% CaSO 4 as binder and developed in an iodine chamber or under UVGL-15 mineral light 254 lamp (in the case of HF254 silica gel coated plates). Column chromatographic separations were carried out using ACME silica gel (60-120 mesh).
General procedure for the synthesis of di-and tri-substituted-1, 2, 4-triazines A. Conventional method To a well stirred solution of sodium tertiary-butoxide (0.01 moles) in dry benzene, or THF at room temperature, a solution of 0.01 moles of amide (formamide, acetamide and benzamide) in benzene was added, followed by the addition of the 1,2-diketone (biacetyl, benzil, p-methoxy benzil, furil, pyridil) (0.01 moles). A solid, jelly-like mass is formed immediately due to the formation of the but-2-ene-1,4-dicarbonyl system. 10 ml of EtOH was added to dissolve the solid mass. Hydrazine hydrate was then added and the reaction mixture was further stirred at room temperature. After the reaction was completed (monitored by TLC), the product was extracted with benzene, dried over anhydrous Na 2 SO 4 and the solvent distilled off. After keeping in the fridge for four hours or more, a crystalline solid is formed which was purified by repeated recrystallisation from EtOH or by column chromatography using hexane as the eluent. B. Microwave method A mixture of diketone (1 mmol), amide (1 mmol), hydrazine hydrate (1.5 mmol) and sodium tertiary-butoxide (1 g) is ground thoroughly and irradiated in a microwave oven at 450 W for about 3 to 6 minutes at an interval of 30 seconds. During the irradiation, the solid melts and a sticky crude product is formed upon cooling. It is washed repeatedly with H 2 O and then with hexane and finally dissolved in boiling EtOH, which afford crystalline solid upon cooling. It is further purified by repeated recrystalliztion (EtOH) or by column chromatography to give the pure products in good to excellent yield. All the products were characterised by melting point, NMR, IR, mass spectra and CHN analysis.
Preparation of regioisomeric 1, 2, 4-triazines
To a stirred solution of sodium tertiary-butoxide (0.01 moles) in benzene, amide (Benzamide and formamide) is added, followed by 1, 2-dicarbonyl compound (0.01 moles). Stirring is continued when a jelly-like liquid is formed. 10 ml of EtOH is added to dissolve the jelly reaction mixture. Then 2 ml of hydrazine hydrate is added and the solution heated at reflux for 2.5 hours. Evaporation of the solvent under reduced pressure affords a reddish brown liquid, which is poured into H 2 O and extracted with CH 2 Cl 2 (3 x 100 mL), washed with NaHCO 3 solution and dried with Na 2 SO 4 . Evaporation of the solvent under reduced pressure affords reddish brown oil which contained the regioisomeric triazines. Column chromatography on silica gel and elution with 1:1 CH 2 Cl 2 /hexanes affords an initial fraction, 3(s-v) in about 24-33% yield as solid products. Further elution with the same solvent affords the second fraction, 4(s-v) in about 13-17% yield (Table-II 5, 125.7, 126.0, 126.4, 127.0, 127.8, 128.6,129.3, 129.7, 130.4, 131.0, 132.4, 135.7, 155.1, 156.4, 160.3 8, 125.9, 127.0, 127.9, 128.6, 130.8, 131.8, 133.0, 134.7, 154.0, 155.6, 162  125.3, 126.5, 127.2, 127.6, 128.0, 128.6, 129.0, 129.7, 131.8, 132.1, 133.2, 134.1, 155.4, 157.0, 161.9 , 4.07; N, 12.22; Found: C, 73.44; H, 4.20; N, 12. 12. 9, 112.1, 112.6, 113.0, 114.3, 116.7, 120.6, 124.0, 125.3, 154.1, 158.9, 160 8, 113.6, 114.3, 115.0, 115.7, 117.1, 120.6, 129.0, 130.1, 132.6, 134.3, 153.6, 154 2925 , 2911 , 1520 , 1495 H, 7.31; N, 34.14; Found: C, 58.55; H, 7.34; N, 34 .00 3-Phenyl-5,6-dimethyl-1,2,4-triazine (3o 7.76-7.81 (m, 5H) , 13 C NMR: 20.3, 21.1 , 126.1, 128.0, 128.8, 129.4, 130.1, 158.0, 159.4,  162.1. IR (cm -1 ): ν max 3020, 2918 , 1610 , 1508 , 1494 H, 5.94; N, 22.70; Found: C, 71.48; H, 5.90; N, 22. : 158.0, 158.7, 159.8, 160.0, 161.0, 161.5, 162.8, 163.0, 163.8, 164.0, 164.9, 165.4, 166.3, ): ν max 1605 , 1508 , 1495 , 1410 H, 3.82; N, 29.78; Found: C, 66.45; H, 3.89; N, 29. N 5 , C, 67.46; H, 4.41; N, 28.11; Found: C, 67.37; H, 4.50; N, 28.20 . 3-Phenyl-5,6-dipyridyl-1,2,4-triazine (3r). Yield: 55%; mp: 163 o C; 1 H NMR:  8.31-8.68 (m,5H), 8.95-9.37 (m, 4H), 9.41-9.56 (m, 4H) , 13 C NMR: 131.6, 134.1, 137.0, 141.1, 157.4, 158.0, 158.5, 159.2, 159.8, 160.0, 161.0, 161.9, 164.0, 164.7, 165.7, 166.0, 166.4 ; IR (cm -1 ):
ν max 3040, 1620 , 1504 , 1490 Anal. Calcd. for C 19 H 13 N 5 , C, 73.31; H, 4.18; N, 22.50; Found: C, 73.24; H, 4.11; N, 22. 8, 124.2, 125.0, 128.8, 130.9, 133.4, 135.0, 158.7, 159.8, 162.0 : 27.0, 124.8, 128.2, 128.6, 130.1, 131.1, 134.0, 135.7, 137.0, 157.6, 158.4, 162.4 2, 124.5, 127.9, 128.3, 129.6, 130.8, 133.8, 135.6, 136.3, 156.8, 158.0 8, 129.2, 131.6, 133.1, 136.1, 138.0, 139.7, 112.0, 157.6, 159.4, 160.4 , 5.84; N, 20.27; Found: C, 73.88; H, 5.86; N, 20.29. 
